The aim of the paper is the identification of the most frequently used antibiotics such as cefazolin, cefuroxime, cefotaxime, ceftriaxone, ceftazidime, lyncomycin, clindamycin, levofloxacin, doxycycline and vancomycin by electrospray ionization mass spectrometry interface in positive and negative modes. The fragmentation pathways of the group of antibiotics were colligated on the basis of the obtained ESI mass spectra. Generally, the positive ion spectra of antibiotics are higher in intensity including an [M+H] + ion and producing less fragmentation as well as more informative compared to the negative ion spectra. Only ESI of levofloxacin in positive and negative modes with the chosen tune parameters leads to degradation of molecular ion, so the parent ion does not appear in the mass spectra. The group of antibiotics (cephalosporins and lincosamides) shows the same characteristic fragmentation. These setup parameters were successfully applied for the routine determination of antibiotics in their pharmaceutical dosage forms and other objects. Data base was developed for identification of antibiotics by comparison of their molecular and fragment ions.
Introduction
Antibiotics from the cephalosporin, fluoroquinolone, lincosamide, tetracycline groups are part of antimicrobial agents widely applied to treat infections. In quality control procedures of pharmaceuticals, quantitative analysis of antibiotics trace level in food and environmental objects requires application of effective and sensitive methods in order to protect consumers. For this purpose mass spectrometry is one of the most powerful and sensitive techniques to investigate complicated structures such as like antibiotics.
The mass spectrometry (MS) method is based on the ionization of molecules, fragmentation into characteristic ions, separation and registration of these ions according to their mass-to-charge ratio. Coupled with such soft way of fragmentation of molecules, electrospray ionization (ESI) is also a rapid, informative and reliable method [1] . Furthermore, many antibiotics are nonvolatile with high molecular weights. They respond well in ESI which usually makes high pressure liquid chromatography-MS (HPLC-MS) the technique of choice for their analysis [2] . In addition, most of antibiotics are characterized by both amino and carboxylic functionalities in their chemical structure and could ionize in both positive and negative modes typically producing [ thus providing more information to facilitate drug investigations [3, 4] . The purpose of this study was to find optimized conditions of ESI and trend of molecular fragmentation of each antibiotic in order to identify them in pharmaceuticals and other objects as well as to develop further quantitative methodic. The research targets were samples of cefazolin, cefuroxime, cefotaxime, ceftriaxone, ceftazidime, lyncomycin, clindamycin, levofloxacin, doxycycline and vancomycin.
Experimental details and results
0.1-1 mg of substances of antibiotics were accurately weighed and then dissolved in 1 mL acetonitrile (Fisher Scientific, UK) or methanol (Merck, Germany). The organic solvents were of HPLC-grade. Accurate mass data of molecular ions and fragments of the antibiotic were obtained employing a high resolution mass-spectrometer "Waters" with the diode-array PDA 996 and the massdetectors Micromass ZQ 2000, equipped with an ESI.
According to the previous investigations [5] , there were obtained the following tune parameters for optimal detection: capillary voltage at 3 kV, cone voltage at 20-40 V, extractor voltage at 2 V, desolvation temperature at 200-350
• C, source temperature at 100
• C; cone gas flow at 50 L/h, desolvation gas flow at 300 L/h. In this paper there are chosen antibiotics with different structure to confirm or specify these spectrometric conditions. Since some antibiotics have both basic and acidic functional groups, the ESI interface was set in positive and negative modes. Mechanism of ionization was investiga-ted by direct sample introduction into the mass spectrometer. According to the fragmentation mechanism of mass spectrometry, antibiotics from the same group have some similar product ions. The combined mass information, accurate mass, neutral losses, nitrogen rule, isotopic abundance are effectively applied to establish and explain the fragmentation pathway of antibiotics under investigation.
The β-lactam ring and the amide group of cephalosporins include nitrogen atoms. For this reason the samples were detected in the positive mode [6] . The results for five samples were almost the same. Every mass spectrum of positive mode has an unbroken β-lactam ring and includes the line of characteristic parent + .The typical direction of molecule fragmentation of cephalosporin antibiotics is given in Fig. 1 . Also cephalosporins of interest have a carboxylic group and there was used the negative mode of ESI by the deprotonation reaction. This resulted in breaking the β-lactam ring in the pathways A and B (Fig. 1) . As a result, the mass spectrum of that mode had the ions
− . There were also daughter ions consisting of the structures B 1 , B 2 with different cleavages. However, the intensity of cephalosporin parent ion was found to be the highest in the positive mode as compared to the negative one. The mass spectra of cefuroxime by ESI in the positive and negative modes are presented in Fig. 2 .
The analysis of lincosamides is challenging due to a lack of any significant chromophore or fluorophore in these molecules. The developing method ESI-MS could solve some barriers in the area of identification and quantitative analysis of lincosamides [7] [8] [9] . The optimal mass spectrometric conditions for detection of most analytes were obtained in the positive ion mode, in which not only molecular ion is saved but some characteristic ions appear. There were shown such diagnostic fragments of lincomycin as a molecular ion and its derivatives added or lost H 2 O or HCl. Removal of methanethiol, 3-propyl-N -methylpyrrolidine (A 1 ) is specific and useful for the identification of lincosamides and related impurities. Molecule degradation of lincosamides is presented in Fig. 3 . Good interpretation of the results was obtained for doxycycline in the positive and negative modes under the above mentioned conditions. For tetracycline the class-specific fragment was at m/z 153.8 in the positive mode [10] and according to our research for doxycycline this ion was at m/z 153.99. However, the other intensive specific-product ion at m/z 428.14, 321.11 and the parent ion at m/z 445.12 were in the mass spectrum. These four ions occurred in some spectra and their coupling could be used for identification of doxycycline in pharmaceutical and biological objects. The mass-spectrum of negative mode of doxycycline consisted of intensive line of the characteristic parent ion [M-H] − at m/z 443.01 and weak intensive daughter ions. In addition, the fragmentation pathway of doxycycline under negative ESI included breaking of bonds next to the ketonic group or cleavage A 2 (m/z 141 Da) from the precursor ion. Thus, specific product fragments under negative ESI are at m/z 141.87 and 217.00 (A 1 ) (Fig. 4 , Electrospray ionization of levofloxacin in the positive mode under the proposed conditions leads to breaking the molecular ion into many daughter ions. The most intensive of them are presented in Table I . The same situation was in the negative mode with the most intensive ion at m/z 126.70 Da. Further to this reaction of polymerization of product ions existed.
The structure of vancomycin is shown in Fig. 5 . Electrospray ionization of this antibiotic in the positive mode under chosen tune parameters results in appearance of strong intensity molecular ion at m/z 1450.44. The parent ion with removal of -NH 2 or -CONH 2 occurred in the negative ESI. All of them are characteristic and useful for identification.
Conclusions
The results of the study showed that both modes of ionization are useful to study molecular structure and fragmentation. Useful and characteristic fragment ions have been found to propose a plausible fragmentation pathway for ten investigated antibiotics. The positive ion spectra of cephalosporin antibiotics are higher in intensity including [M+H] + ion and producing less fragmentation and more information as compared to the negative ion spectra. Only ESI of levofloxacin in the positive and negative modes under chosen tune parameters led to degradation of molecular ion, so the parent ion did not exist in the mass spectra. The data base of antibiotics was developed and all the spectra were correctly identified. The HPLC-MS with ESI based method on comparison of characteristic ions is potential for rapid identification of antibiotics in their pharmaceutical formulation, biological and nature objects providing a high specificity. 
